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LONG-TERM  GOALS 

The  long-term  goal  of  this  project  is  to  predict  the  generation  of  internal  waves  over  the  ridges  in  the 
Luzon  Strait  and  wave  propagation  across  the  northern  South  China  Sea. 

OBJECTIVES 

The  objective  of  this  study  is  to  provide  a  description  of  internal  wave/tide  propagation  from  the  Luzon 
Strait  to  the  edge  of  the  continental  shelf  off  China.  Three  issues  are  to  be  studied:  1)  the  relationship 
between  the  internal  waves  and  the  barotropic  tides  in  the  Luzon  Strait,  2)  temporal  and  spatial 
variations  of  internal  wave  properties  during  propagation  across  the  deep  basin  of  the  northern  South 
China  Sea,  and  3)  wave  transmission  over  the  continental  margin. 

APPROACH 

Guided  by  the  characteristics  of  internal  waves  inferred  from  nonhydrostatic  numerical  simulation, 
time  series  analysis  will  be  perfonned  on  real-time  simulated  data  obtained  from  the  Ocean 
Nowcast/Forecast  System  of  Naval  Research  Laboratory  during  NLIWI.  In  the  generation  region,  the 
study  will  estimate  the  energy  conversion  rate  from  the  barotropic  tides  to  baroclinic  waves.  Sources  of 
the  internal  waves  are  to  be  identified.  In  the  propagation  region,  waves  will  be  traced  back  to  the 
generation  region  to  find  the  dependence  of  the  amplitude  of  internal  solitary  wave  on  the  conditions  in 
the  Luzon  Strait. 

WORK  COMPLETED 

Time  series  from  Pi’s  nonhydrostatic  modeling  study  (Qian  et  ah,  2010)  have  been  used  to  establish 
the  phase  and  amplitude  relationship  between  the  barotropic  tides  and  the  internal  waves.  Processing 
software  for  data  from  real-time  simulation  has  been  developed  and  tested.  The  analysis  of  the  NRL 
data  is  to  be  performed  in  the  coming  year. 

RESULTS 

The  nonhydrostatic  simulation  of  Shaw  et  al.  (2009)  provides  a  description  of  the  internal  wave  field 
generated  by  the  barotropic  tidal  current  over  a  supercritical  ridge  where  the  ridge  slope  is  greater  than 


1 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

2Q  jq  2.  REPORT  TYPE 

3.  DATES  COVERED 

00-00-2010  to  00-00-2010 

4.  TITLE  AND  SUBTITLE 

A  Statistical  Investigation  of  Internal  Wave  Propagation  in  the  Northern 
South  China  Sea 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROTECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

North  Carolina  State  University, Dept  of  MEAS,Box 

8208, Raleigh, NC, 27695-8208 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBIECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

_ _ _  ABSTRACT 

18.  NUMBER  19a.  NAME  OF 

OF  PAGES  RESPONSIBLE  PERSON 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE  Same  OS 

unclassified  unclassified  unclassified  Report  (SAR) 

4 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


the  wave  slope.  The  baroclinic  velocity  u  'is  plotted  in  Figure  1,  in  which  the  barotropic  tidal  current  is 
zero  in  the  top  and  bottom  panels  and  to  the  right  in  the  two  middle  panels.  Distinct  wave  beams  emit 
from  the  ridge  crest  and  split  into  two  nearly  symmetric  paths  in  the  strongly  stratified  upper  ocean. 
Wave  energy  propagates  upward  from  the  ridge  crest  along  wave  beams  and  becomes  trapped  in  an 
upper-ocean  wave  guide  by  wave  reflection  between  the  surface  and  the  lower  boundary  of  the 
thermocline.  Beyondx  =  ±100  km,  mode-1  waves  form  and  intensify  into  strong  tidal  bores.  For 
example,  a  wave  front  of  negative  u'  leads  to  a  tidal  bore  of  negative  velocity  atx  =  -120  km  in  Figure 
la.  Tidal  bores  with  positive  u'  form  on  the  east  side  of  the  ridge.  These  tidal  bores  eventually  develop 
into  rank-ordered  internal  solitary  waves  (Shaw  et  al.  2009).  Figure  1  demonstrates  the  complex  phase 
propagation  at  generation.  Over  the  ridge,  the  baroclinic  velocity  u'  is  initially  negative  and  becomes 
positive  following  the  development  of  the  positive  barotropic  tidal  current.  Thus,  a  tidal  bore  of 
positive  (negative)  u'  over  the  ridge  top  originates  at  the  beginning  of  the  positive  (negative)  barotropic 
tidal  current. 
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Figure  1.  Development  of  wave  beams  in  the  contour  plot  of  the  baroclinic  velocity  u  '(m/s)  in  the 
experiment  with  ridge  half-width  L  =  15  km  and  ridge  height  ho  =  400  m.  Time  is  from  37.26  hours 
to  43.47  hours  with  increments  of  2  hours.  The  barotropic  tidal  flow  is  zero  in  the  top  and  bottom 
panels  and  to  the  right  in  the  two  middle  panels.  The  contour  interval  is  0.04  m/s. 


Internal  wave  energy  density  at  z  =  -5  m  for  the  experiment  shown  in  Figure  1  is  plotted  on  the  x-t 
plane  in  Figure  2.  Locations  of  the  first  and  second  wave  reflections  from  the  surface  appear  as 
maxima  at  x  =  +26  km  and  ±75  km.  Propagation  of  the  mode-1  hydrostatic  waves  is  shown  as  bands  of 
energy  maxima  beyondx  =  ±100  km  on  each  side  of  the  ridge.  The  stronger  ones  are  associated  with 
negative  (positive)  u  'on  the  left-  (right-)  hand  side  of  the  ridge  in  Figure  la.  The  energy  density  of  the 
mode-1  wave  is  nearly  uniform.  Small-scale  solitary  waves  are  shown  as  strings  of  localized  maxima 
because  the  data  used  for  plotting  are  stored  hourly,  insufficient  to  resolve  the  propagation  of  short 
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waves.  The  speed  of  propagation,  calculated  from  the  slope  of  the  position  of  the  wave  front,  is  slightly 
higher  than  the  phase  velocity  of  mode-1  waves.  The  nonhydrostatic  simulation  provides  information 
on  the  phase  relationship  between  the  baro tropic  tides  and  the  internal  solitary  waves. 


x  (km) 

Figure  2.  Contour  plot  of  internal  wave  energy  density  (J/m3)  at  z  =  -5  m 
on  the  x-t  plane  for  the  experiment  in  Figure  1.  The  contour  interval  is  2  J/m 
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In  a  related  project,  a  nonnalization  scheme  for  energy  flux  has  been  developed  (Qian,  et  ah,  2010).  It 
is  found  that  for  steep,  tall  ridges  (such  as  those  in  the  Luzon  Strait)  the  nonnalized  energy  flux  is 
nearly  constant,  independent  of  the  ridge  slope  and  ridge  height.  The  study  provides  a  practical  method 
to  estimate  the  energy  flux  of  internal  waves  from  the  amplitude  of  the  barotropic  tidal  current. 
Correlation  between  the  observed  amplitude  of  internal  solitary  waves  and  the  barotropic  tides  can  thus 
be  carried  out. 

The  results  establish  the  correlation  between  internal  waves  and  the  barotropic  tidal  currents  in  both 
phase  and  amplitude.  The  plan  is  to  apply  these  ideas  to  the  data  obtained  from  real-time  simulation  at 
NRL. 

IMPACT/APPLICATIONS 

The  result  will  be  useful  to  predict  the  generation  of  internal  solitary  waves  in  the  northern  South 
China  Sea. 
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RELATED  PROJECTS 


This  project  continues  the  Pis  effort  in  studying  the  generation  and  propagation  of  internal  solitary 
waves  in  the  northern  South  China  Sea  (Award  Number:  N00014-05-1-0280). 
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